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Description 



The invention relates to the annealing of semi- 
conductor devices, and in particular the healing of 
radiation damage to semiconductor crystals that 
occurs during implantation of impurities. 

It has been established that short pulses of laser 
or electron beam radiation can be used to heal 
radiation damage to semiconductor crystals that 
occurs during the implantation of impurities. In 
many of these prior art experiments it was found 
that the boundary of the impurity region moves 
substantially during the annealing process. 

Another technique to promote localized anneal- 
ing is to place the wafer in a high temperature 
(800— 1100°C) furnace. Such high temperature 
processing however causes degradation in the 
overall yield and performance of the semiconduc- 
tor devices. Prior to the present invention there 
has not been a suitable low temperature anneal- 
ing technique for healing the radiation damage to 
semiconductor crystals. 

US — A — 4,013,485 relates to a process of 
eliminating undesirable charge centers in MIS 
devices by the use of a RF field. While this citation 
mentions experiments which indicated that fre- 
quencies in the microwave range can have a 
beneficial effect in repairing radiation damage, it 
fails to recognize that in one fabrication step of a 
process for fabricating a semiconductor device, 
the device comprising a semiconductor substrate 
having a major surface including an ion im- 
planted region subsequent to the formation of the 
ion implanted regions a low temperature anneal- 
ing effect is obtained by directing a beam of 
microwave radiation in the range of 1 to 10 gHz at 
said entire device so that the electromagnetic 
afield of the microwave radiation couples with the 
semiconductor lattice of the ion implanted region 
causing lattice heating due to the release of 
photons, the remaining non-implanted silicon 
being essentially transparent to the radiation. 

Briefly, and in general terms, the present inven- 
tion provides a process for fabricating a semi- 
conducor device as set forth in claim 1. Preferred 
embodiments of the invention are claimed in the 
dependent claims. 

The novel features which are considered as 
characteristic for the invention are set forth in 
particular in the appended claims. The invention 
itself, however, both as to its construction and its 
method of operation, together with additional 
objects and advantages thereof will be best 
understood from the following description of 
specific embodiments when read in connection 
with the accompanying drawings. 

FIG. 1 is a highly simplified diagrammatic view 
of the low temperature annealing process accord- 
ing to the present invention; 

FIG. 2 is a plot showing the final impurity 
distribution profile in an ion implanted region in a 
semiconductor device which has been annealed 
according to the prior art; and 

FIG. 3 is a plot of the distribution profile in an 
ion implanted region in a semiconductor device 



which has been annealed by microwave radiation 
according to the present invention. 

Turning now to FIG. 1 there is shown a highly 
simplified diagrammatic view of the process 
5 according to the present invention. A substrate 
material 10, which in a preferred embodiment is a 
semiconductor such as silicon or gallium 
arsenide, or other substrates susceptible to 
advantageous ion implant processes, is provided. 
;o The substrate is covered, but for the window 
shown, by a masking layer 11, such as silicon 
dioxide. An electromagnetic wave having a fre- 
quency in the microwave portion of the spectrium 
is indicated by the schematic beam 13 and is 
;5 incident on the window. Reference numeral 12 
indicates the position of the impurity boundary 
after ion implanting of the region under the 
window and before annealing. Upon exposure to 
the microwave frequency beam,, the semi- 
20 conductor region anneals. In accordance with one 
aspect of the invention, the annealing process can 
be adopted and controlled either to minimize 
redistribution or to achieve a controlled move- 
ment of implanted impurities. 
25 The present invention is based upon the fact 
that the energy of electromagnetic radiation can 
be coupled to a crystalline lattice, or even to a 
damaged crystalline lattice. The coupling of such 
energy to an ionized impurity in the lattice in- 
30 creases the local temperature of the lattice, so 
that the impurity atom and the surrounding lattice 
-structure seeks the lowest free energy configura- 
tion which would still be an ordered crystal 
structure. The increase in the local temperatur of 
35 the lattice could be due to the coupling of the elec- 
tromagnetic radiation with a local oscillator 
formed by the molecular configuration including 
the impurity. Lattice heating is also associated 
with the release of phonons. The method accord- 
40 ing to the present invention couples the energy 
from the microwave radiation to the implanted 
dopant species and the damaged semiconductor 
crystal. The energy would typically be dissipated 
as phonons in the lattice, causing mechanical 
45 vibration and heat to be generated. As the ionized 
impurities become substitutional in the lattice, 
eddy currents in the doped regions will also be 
induced resulting in increased heating which may 
aid in the annealing. 
50 It is presently known (e.g., from T. P. Ma, W. H. 
Ma, Int'l. Electron Device Meeting, Washington, 
D.C., December 15, 151—153, 1977), that RF 
plasmas will promote annealing of charged sur- 
face states and broken bonds at a Si0 2 — Si inter- 
55 face. The present invention goes beyond such 
prior art in the use of higher frequencies as well 
as the specific application of annealing ion im- 
planted surfaces. In fact, only the damaged and 
heavily doped areas will be affected by the tech- 
no nique according to the present invention since the 
remaining undamaged silicon will be essentially 
transparent to the electromagnetic waves at fre- 
quencies in the gigaHertz range. This special 
feature apparently results in annealing only the 
65 desired regions. 
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One application of the present invention is to 
promote localized annealing in integrated circuits 
at a low temperature. Presently, localized anneal- 
ing is primarily done in a high temperature 
(800 — 1100°) furnace. High temperature steps 
cause degradation in overall yield and perform- 
ance. The search for a low temperature annealing 
technique has been underway since the discovery 
of laser annealing, see, for example B. A. Kachu- 
rin, N. B. Pridachin and L. S. Smirnov, Sov. Phys. 
— Semicond. 9, 946 (1975). 

The local mode oscillation frequency is approxi- 
mately 16 gHz. This frequency is higher than the 
frequency of microwaves (~1 — 10 gHz) generated 
in a commercial high power (>1 watt) microwave 
source. The absorption spectrum of the local 
defect size created by the ion implanted specie 
has a broad frequency range. It is expected that 
one can couple the lower frequency radiation with 
sufficient power to cause annealing. 

FIG. 2 is the concentration profile obtained on 
one half of the test wafer that was thermally 
annealed according to techniques known in the 
prior art. The anneal conditions were 1000°C, 30 
mins; in N 2 . The figure indicates that although 
complete electrical activation of the implanted 
specie has been obtained, the impurity has re- 
distributed within the sample to increase the 
junction depth from approximately 0.5 urn in the 
'as-implanted' wafers to 0.8 urn in the thermally 
annealed samples. These results must be con- 
trasted with the microwave annealed samples in 
which there is no appreciable impurity redistribu- 
tion, as described below. 

FIG. 3 is the concentration profile on one half of 
a test wafer obtained after the same test wafer 
was annealed for 30 mins. in a commercial micro- 
wave oven according to the present invention. 
The ambient was a partial vacuum which was 
obtained by enclosing the sample in a quartz 
capsule. The implant specie was phosphorus with 
a concentration of 5 x 10 l4 /cm z implanted at 100 
KeV. The substrate material was p-type silicon. 
The profile in FIG. 3 was obtained from a spread- 
ing resistance measurement performed on a be- 
veled surface. It can be seen from this figure that 
only partial activation was achieved in this dura- 
tion of 30 mins. and that there was no appreciable 
impurity distribution. 

It will be obvious to those skilled in the art that 
the semiconductor device according to the 
present invention can be manufactured with vari- 
ous semiconductor technologies and different 
combinations of known process steps, and that 
the preferred embodiments illustrated here are 
merely exemplary. The depth of penetration of 
the various zones and regions and in particular 
the configuration and distance between the active 
zones of the transistor devices, as well as the 
concentrations of dopant species, and/or their 
concentration profiles, can be chosen depending 
upon the desired properties. These and other 
variations can be further elaborated by those 
skilled in the art without departing from the scope 
of the present invention. 



The present invention is also not restricted to 
the specific semiconductor materials and circuits 
described. For example, it may be pointed out 
that semiconductor materials other than silicon, 

5 for example A, M — B v compounds, may be used. 
Furthermore, the conductivity types in the em- 
bodiment may be interchanged and correspond- 
ing to such change, the polarity of the respective 
operating voltages adapted. Moreover, the volt- 

w age level and the static or dynamic nature of the 
signals applied to the various terminals and gates 
of the device, as well as the voltage sources, may 
be suitably selected as desired for a particular 
application. 

15 

Claims 

1. A process for fabricating a semiconductor 
device, the device comprising a semiconductor 

20 substrate having a major surface including an ion 
implanted region, characterized in that one fabri- 
cation step in the process subsequent to the 
formation of the ion implanted regions is to direct 
a beam of microwave radiation in the range of 1 

25 to 10 gHz at said entire device for annealing the 
ion implanted regions so that the electromagnetic 
field of the microwave radiation couples with the 
semiconductor lattice of the ion implanted region 
causing lattice heating due to the release of the 

30 phonons, the remaining non-implanted semi- 
conductor substrate being essentially transparent 
to the radiation. 

2. A process as defined in claim 1, wherein said 
one fabrication step anneals charged surface 

35 states so as to cause substitution of the impurity 
atoms in the semiconductor substrate lattice. 

3. A process as defined in claims 1 or 2 wherein 
said one fabrication step takes place at room 
temperature. 

40 4. A process as defined in any of claims 1 — 3, 
wherein the step of directing a beam of micro- 
wave radiation comprises placing said device in a 
microwave oven. 

45 Patentanspruche 

1. Verfahren zur Herstellung einer Halbleitervor- 
richtung, die ein Halbleitersubstrat mit einer 
Hauptoberflache einschlieftlich einer lonnen-im- 

50 plantierten Zone aufweist, dadurch gekennzeich- 
net, daft in einem Herstellungsschritt des Ver- 
fahrens darauffolgend auf die Bildung der lonen- 
implantierten Zonen ein Strahl aus Mikrowellen- 
strahlung im Bereich von 1 bis 10 gHz auf die ge- 

55 samte Vorrichtung geleitet wird, um die lonen- 
implantierten Zonen anzulassen, so daft das 
elektromagnetische Feld der Mikrowellenstrah- 
lung gekoppelt ist mit dem Halbleiter Gitter der 
lonen-implantierten Zone, was eine Gittererwar- 

60 mung infolge der Freigabe von Photonen bewirkt, 
wobei das verbleibende, nicht implantierte Halb- 
leitersubstrat fur die Strahlung im wesentlichen 
transparent bleibt. 

2. Verfahren nach Anspruch 1, wobei der er- 
65 wahnte eine Herstellungsschritt geladene Ober- 
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flachenzustande anlaBt, urn so die Substitution 
von Storstellenatomen in dem Halbleitersubstrat- 
gitter zu bewirken. 

3. Verfahren nach Anspruch 1 oder 2, wobei der 
erwahnte eine Herstellungsschritt bei Raum- 
temperatur vorgenommen wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, 
wobei der Schritt des Leitens eines Strahls aus 
Mikrowellenstrahlung das Anordnen der Vorrich- 
tung in einem Mikrowellenofen umfaSt. 



Revendications 

1. Procede de fabrication d'un dispositif semi- 
conducteur, ce dispositif comprenant un substrat 
semiconducteur dont la plus grande partie de la 
surface comporte une zone implantee d'ions, 
caracterise en ce que I'une des etapes de ce 
procede, apres la formation des zones implantees 
d'ions, consiste a projeter un faisceau de radia- 
tions de micro-ondes dans la plage de 1 a 10 gHz 
sur tout le dispositif pour recuire ces zones im- 



plantees d'ions, de facon que le champ electro- 
magnetique de cette radiation se couple avec le 
reseau semiconducteur desdites zones implan- 
tees en provoquant un echauffement de ce reseau 

5 sous I'effet du degagement de phonons, la partie 
restante, non implantee d'ions, du substrat semi- 
conducteur etant essentiellement transparente a 
la radiation. 
2. Procede tel que defini dans la revendication 

w 1, dans lequel I'etape de fabrication mentionnee 
recuit les surfaces en etat de charge de facon a 
provoquer I'introduction, par la substitution des 
atomes de I'impurete, dans le reseau du substrat 
semiconducteur. 

15 3. Procede tel que defini dans les revendica- 
tions 1 ou 2, dans lequel I'etape de fabrication 
mentionnee est effectuee a la temperature am- 
biante. 

4. Procede tel que defini dans I'une quelconque 
20 des revendications 1 a 3, dans lequel I'etape de 
projection d'un faisceau de radiations de micro- 
ondes comprend le placement du dispositif dans 
un four a micro-ondes. 

25 
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